



An extended theoretical model of reactive sputtering of TiAlN coating has been developed 
to study the effect of substrate bias (V b) and nitrogen CN2) flow rate on the coating 
composition and deposition rate. The model simulation results showed that the critica l 2 
flow rate ({v1) to achieve a stoichiometry composition of unbiased (Vb = 0 V) and biased 
(Vb = -80 V) substrate was 4 seem and 3 seem, respectively. At N2 flow rate lower than 
fv/, the coating composition increased with an increase in Vb and N2 flow rate due to the 
increase of ion flux to the substrate while the deposition rate decreased due to the coating 
densification and the decreased sputtering rate. At N2 flow rate higher than [ N/, the coating 
composition and deposition rate ilid not depend on the Vb and N2 flow rate due to the 
domination of neutral particles deposition than ions deposition. The model verification 
using secondary data showed an accurately prediction on the coating composition and 
deposition rate at N2 fl ow rate higher than [N/. The calculated coating composition at N2 
flow rate lower than f ,-/ showed a deviation due to heterogeneous reactions between the 
sputtered particles (Ti and AJ) and N at the substrate surface, while the deviation of 
calculated deposition rate was due to coating densification. The experimental investigation 
was designed by using Response Surface Methodology (RSM) and conducted by using 
magnetron sputtering in deposition of TiAIN coating on WC inserts. The coating 
composition and thickness were obtained by using SEMIEDX. The coating structure and 
morphology were obtained by using XRD and AFM, respectively. The coating hardness 
and adhesion were obtained by using ultra-micro hardness test and indentation test, 
respecti,·ely. The cutting test was carried out in CNC dry turning of AISI D2 steel. The 
flank \\"ear and surface roughness were obtained by using optical microscopy and surface 
roughness tester, respecti,·ely. The results showed that generally the coating composition 
of biased substrate (- I 00, -150, -200 V) was consistently higher than that of unbiased 
substrate whereas the deposition rate o r biased substrate is lower than that of unbiased 
substrate. Analysis of the coating thickness showed that generally the coating thickness 
decreased with an increas , in the V b and . 12 flow rate. At N2 flow rate lower than 50 seem, 
the thin nest coating(- 1000 nm) is achieved by unbiased substrate due to low ions fluxes 
for reaction at the substrate surface. The coating hardness, structure and morphology were 
significantly influenced by the V b while' the interaction of the Vb and N2 flow rate 
significant ly influenced the coating adh-:sion. The coating hardness increased (- 7 GPa) 
with an increase in the V b up to -200 V due to decreased coating crystal size. At N2 flow 
rate of 70 seem, the adhesion strength i 1~reased with an increase in the Vb up to -200 V 
due to decreased compressive stress. ·1 he lowest flank wear ( - 0.4 mm) due to high 
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